Background: Power spectral analysis of heart rate variability and arterial distensibility are non-invasive measures of cardiac autonomic modulation and mechanical vessel wall properties, respectively. The aim of the present study was to assess cardiac sympathovagal balance, carotid and brachial artery distensibility and a possible relation between these parameters in mildly hypertensive patients as compared to normotensive controls. Methods: Total power (TP, 0.01 to 0.5 Hz) and spectral components (low frequency 0.04 -0.15 Hz, mainly sympathetic cardiac modulation; high frequency 0.15-0.4 Hz, mainly vagal cardiac modulation) and cardiac sympathovagal balance (LF/LH ratio) of short term heart rate variability (ECG-recording) were calculated in 15 untreated essential hypertensive patients (HYP) and 15 age-and sex-matched healthy controls (CON). Brachial and carotid artery distensibility coefficient (DC) was measured with a multigate doppler system (echotracking).
Introduction
Power spectral analysis of heart rate variability and arterial distensibility are non-invasive measures of cardiac autonomic modulation and mechanical vessel wall properties respectively. Although autonomic nervous system imbalance has been reported as one of the predictors of prognosis in ischaemic heart disease and congestive heart failure, 1,2 its clinical significance in the setting of essential hypertension has not been clarified. It has been reported that increased sympathetic tone and a decreased vagal tone in hypertension are associated with left ventricular hypertrophy, 3 which suggests that disturbed autonomic modulation may go along with hypertensive end-organ damage. Hypertension is associated with reduced arterial distensibility 4, 5 and there is Conclusion: The data shows reduced heart rate variability and altered cardiac sympathovagal balance as well as impaired arterial distensibility in untreated mildly hypertensive patients. The relative increase in sympathetic modulation and decreased carotid distensibility appear to be related. some evidence that in ischaemic heart disease cardiac autonomic imbalance is correlated with impairment of arterial distensibility. 6 Some recent data suggest that this relation may exist in treated essential hypertensive patients as well. 7 The aim of the presented study was to investigate cardiac sympathovagal balance and carotid artery distensibility and to assess a possible relation between the two parameters in mildly essential hypertensive patients as compared to normotensive healthy controls.
Since antihypertensive drugs have been reported to influence arterial distensibility 8, 9 only never treated mildly hypertensive patients were included in the present study. Heart rate variability was investigated by power spectral analysis and carotid arterial distensibility by echo-tracking using a multigate pulsed doppler system and patients were compared to healthy normotensive controls.
Patients and methods

Subjects
Fifteen patients with untreated essential hypertension and fifteen normotensive healthy volunteers (CON) were included in this study. Each subject gave informed consent to participate. Patients with diastolic blood pressure values exceeding 90 mm Hg measured in the sitting position on three different occasions in the absence of antihypertensive medication were included from the study. The following exclusion criteria were used for patients and controls: coronary heart disease, heart failure, valvular heart disease, cerebral vascular disease, peripheral artery disease, diabetes mellitus, impaired renal function, hypercholesterolaemia. None of the patients had evidence of atherosclerotic plaques of the carotid or brachial artery on investigation with high-resolution ultrasound. Fifteen age-and sexmatched healthy volunteers who have been recruited from the non-medical university environment to avoid habituation to the hospital setting served as control subjects. To serve as normotensive controls subjects had to have a diastolic blood pressure below 90 mm Hg on three different occasions in the absence of antihypertensive medication. Standard laboratory assays were used to determine fasting concentrations of serum creatinine, total cholesterol, triglycerides and glucose as well as haemoglobin concentrations. Before inclusion in the study an ECG, chest X-ray and routine lab parameters were done in both patients and controls.
Blood pressure measurements
Left brachial artery blood pressure was measured using an automatic sphygmomanometer (Critikon Dinamap model 1846 SX, Tampa, FL, USA).
Heart rate variability measurement
All studies were performed between 8 am and 10 am. After subjects had rested for 15 min in the supine position, 30 min of recording of ECG and respiration (Pneumotrace, Gould Electronics, Valley View, OH, USA) was started. All subjects were breathing spontaneously and were not allowed to speak during the study. Analog-to-digital conversion was performed on-line at 1000 samples/sec for both the electrocardiogram and the respiratory signal using a MacLab 8/s data acquisition system (AD Instruments, Milford, MA, USA) and an ApplePower Macintosh 7200/90 computer system (Apple Company Inc, Cupertino, CA, USA). After detection and labelling each R-peak the data file was reviewed off-line and artifacts in ECG-or respiration-recording were identified. Three segments free of artifacts and arrhythmias of 5 min each were then used for power spectral analysis. The data file was analysed using Igor Pro V 3.0, Wave Metrics Inc. software and a discrete Fourier transformation with a spectral resolution of 0.01 Hz was applied to the time series of RR-interval. A respirogram synchronised with the tachogram was also obtained by sampling the signal of respiratory activity once every cardiac cycle.
Total power (TP, 0.01-0.5 Hz) and spectral components in the low frequency (LF) band (0.04 -0.15 Hz, as measure of mainly cardiac sympathetic modulation) and in the high frequency (HF) band (0.15-0.4 Hz, as measure of cardiac vagal modulation) as well as LF/HF ratio (cardiac sympathovagal balance) were calculated.
Arterial distensibility measurement
Following the ECG-recording and in a supine resting position the vessel wall properties of the left common artery 2 cm below the bifurcation and of the right brachial artery 5 cm proximal of the elbow were studied in a longitudinal projection with a multi-gate pulsed doppler system (Cardiovascular Research Institute, Maastricht, The Netherlands). /(SBP-DBP) (10 −3 /kPa)] were calculated. The coefficients of variation were 3.4% for end-diastolic diameter, 7.4% for the relative systolic increase of vessel diameter, and 10.8% for the distensibility coefficient (n = 15).
Results
Demographic data and blood pressure values of patients and controls are shown in Table 1 . There were no significant differences in age, sex ratio, smoking habits and body mass index between patients and controls. Hypertensive patients had sig- nificantly elevated systolic and diastolic blood pressure values.
Results of power spectral analysis of ECG-recordings for RR-Intervals, total power (TP), low frequency variability (LF), high frequency variability (HF), LF/HF-ratio (sympathovagal balance), mean arterial blood pressure (MAP), distension of carotid artery and the distensibility coefficient (DC) of the carotid and brachial artery are shown in Table 2 .
There were significant reductions in RR-interval length and heart rate variability expressed as total power in the group of hypertensive patients as compared to normotensive controls. The LF/HF-ratio was significantly increased in hypertensive patients. This altered sympathovagal balance with a relative increase in cardiac sympathetic modulation was however mainly attributable to highly decreased cardiac vagal modulation (high frequency variability) in hypertensive patients.
Distensibility of the carotid artery was significantly decreased in hypertensive patients as compared to normotensive controls. This was true for absolute and relative distension of the artery and also for the distensibility coefficient.
We observed a significant correlation between the distensibility coefficient of the common carotid artery and the sympathovagal balance (LH/HF-ratio) in hypertensive patients and controls (rho = −0.41, P = 0.03, n = 30, Figure 1) .
Distensibility of the brachial artery was also significantly decreased in hypertensive patients as compared to normotensive controls. This was true for absolute and relative distension of the artery and also for the distensibility coefficient. There was no correlation between the distensibility coefficient of the brachial artery and the sympathovagal balance in either group (Figure 2) .
Discussion
In the present study we determined heart rate variability in untreated essential hypertensive patients and a possible relation to distensibility of large arteries. Our study revealed a significantly reduced heart rate variability and a significantly decreased carotid artery distensibility in patients with never treated mild essential hypertension as compared to normotensive healthy controls. Additionally we found that altered cardiac sympathovagal balance in essential hypertensive patients was mainly attributable to decreased cardiac vagal modulation. Furthermore there was a significant correlation between carotid artery distensibility and cardiac sympathovagal balance expressed as LF/HF ratio. The relative increase in sympathetic modulation appeared therefore to be related to decreased carotid artery distensibility in untreated hypertensive patients. Assessment of heart rate variability remains a widely used method to evaluate cardiovascular autonomic nervous function non-invasively in several clinical settings. 12, 13 Its relevance in essential hypertension has not been clarified so far. In support of our results recent data suggest a significant autonomic imbalance in hypertensive patients which is related to impaired arterial distensibility and baroreceptor sensitivity. 7 The correlation of left ventricular hypertrophy with heart rate variability 3 and the association of impairment of arterial distensibility with hypertension have already been reported elsewhere. 5,14 -16 These data suggest that structural and functional wall alterations of large arteries are related to disturbed cardiac autonomus function in hypertension.
Decreased arterial distensibility in hypertension can be the result of increased levels of distending pressure or may reflect intrinsic structural changes of the arterial wall and vascular smooth muscle contractility. 15, 17 Additionally, endothelial dysfunction and a blunted endothelium-mediated dilation have been shown in renal transplant recipients and in essentially hypertensive patients. 18, 19 This could contribute to decreased arterial distensibility, although the significance of this relationship is discussed controversially in essential hypertension.
In contrast to the results in hypertensive patients with end-stage renal disease, 20, 21 recent studies in essential hypertension indicate that higher distending pressure rather than structural alterations may account for arterial stiffness in essential hypertension. 22, 23 The effects of sympathetic stimulation on arterial mechanical properties are complex and depend on passive effects of the increased arterial pressure and of changes in vessel geometry and smooth muscle tone due to active vasoconstriction. Increasing blood pressure stretches vessel walls and reduces their compliance by increasing wall stiffness (represented by the incremental modulus) and the radius-to-wall thickness ratio.
An influence of sympathetic tone on smooth muscle tone and mechanical properties of arterial walls has been reported in several studies. 21, 24, 25 There is some evidence that chronic sympathetic activation and sympathovagal imbalance occurs with small or no decrease of diameter. It is therefore associated with an increase of incremental modulus and a decrease in arterial compliance resulting from the isometric tension developed in such conditions. In studies obtained in vitro 17 and in vivo at the brachial artery 25 a decrease in compliance indexes through- out sympathetic activation was observed when mean internal diameter remained constant. This mechanism may contribute to the changes in mechanical vessel wall properties in the setting of essential hypertension as well.
There are different possible mechanisms that could explain the observed relation between disturbed sympathovagal balance and distensibility of the carotid artery. The relative increase in cardiac sympathetic modulation could be associated with an increased smooth muscle tone and therefore directly reduce distensibility of the arterial wall. On the other hand, disturbed baroreceptor sensitivity may be of importance. Baroreceptor mediated control of heart rate has been shown to be markedly impaired in patients with essential hypertension. 26 It may be speculated that decreased carotid artery distensibility results in impaired carotid sinus sensitivity and thus decreased baroreflex sensitivity. The disturbed cardiac sympathovagal balance in hypertensive patients may therefore result from decreased baroreflex sensitivity. This hypothesis is in line with findings of Kingwell et al 27 who studied systemic arterial compliance and arterial pressure-heart rate reflex function in athletes and normal volunteers and proposed an influence of arterial compliance on autonomic function through altered baroreceptor sensitivity. Grassi et al 26 observed intact baroreflex control of peripheral sympathetic nerve activity in contrast with disturbed baroreflex control of heart rate in hypertensive patients. This observation contributes to the notion of non-uniform control of regional sympathetic outflow. 28 Regionally non-uniform control of autonomic function may contribute to our finding of a significant relationship between cardiac sympathovagal balance with carotid artery distensibility but not with brachial artery distensibility.
A major concern that has been raised recently towards analysis of heart rate variability is that vagal contributions to low frequency-ie, 'sympathetic dominated'-heart rate fluctuations may be underestimated. 12 This is true in the setting of severe heart failure and during exercise. Since we studied otherwise healthy, mildly hypertensive patients at rest, these effects should have only a minor confounding influence on our results. Uncontrolled breathing and especially episodic slow breathing periods have been suggested as confounding factors as well. 12 In our study breathing was controlled and recorded over the whole period of ECG recording, thus minimising a possibly confounding influence of breathing pattern on heart rate variability. Altered breathing patterns during sleep that seem to be associated with hypertension, had probably little or no influence on the periods of ECG-recording used in our protocol. Additionally, to avoid the effect of diurnal variability of heart rate variability, all studies were performed at the same time in the morning.
Another concern is the possibility of the influence of differences in blood pressure levels and changes on both measured parameters. However, these passive effects should affect all arterial territories uniformly. Given the fact that the distensibility of the brachial artery was not related to the LF/HF-ratio in our study, it appears unlikely that the correlation between carotid distensibility coefficients and the cardiac sympathovagal balance was significantly influenced by passive pressure effects.
Our results demonstrated that altered cardiac sympathovagal balance is closely related to decreased carotid artery distensibility suggesting parallel alterations of autonomic nervous system function and mechanical vessel wall properties.
